Objective: Currently, the cosmetic and medical industries are paying considerable attention to solve or prevent skin damage or diseases, such as hyperpigmentation and oxidation and free radical damage. In this study, the effective compounds in Myrica rubra fruit were extracted and studied the biological effects of these M. rubra fruit extracts.
| INTRODUCTION
Currently, not only the cosmetic industry but also medical companies pay considerable attention to methods for solving or preventing skin damage or diseases, such as hyperpigmentation and oxidation and free radical damage. 1, 2 There are many factors responsible for these problems, such as UV radiation, environmental pollution, and chemical reagents.
Many compounds have been reported as melanin inhibitors, anti-oxidants, and/or free radical scavengers, such as vitamin C, arbutin, kojic acid, ellagic acid, tranexamic acid, potassium methoxysalicylate, and 5,5-dipropyl-biphenyl-2,2-diol. 3, 4 However, some agents, such as mercury-containing compounds or hydroquinone, are cytotoxic and would cause exogenous ochronosis. 5 Thus, the food, cosmetic, and medical industries are looking for effective, safe, and noncytotoxic agents from foods, herbs, and plants that have the capacity to reduce melanogenesis, inhibit oxidation, and scavenge free radicals. 6 In the human body, the production of melanin, including eumelanin and pheomelanin, occurs inside melanosomes, where the key biocatalytic reaction is the conversion of tyrosine into 3,4-dihydroxy-L-phenylalanine (L-DOPA) or dopaquinone by tyrosinase. 7 In addition, other enzymes, such as tyrosinase-related protein 1 (TRP-1, also known as DHICA oxidase), tyrosinase-related protein 2 (TRP-2, also known as dopachrome tautomerase), and microphthalmia-associated transcription factor (MITF), are involved in melanin synthesis.
TRP-2 shows the ability to catalyze dopachrome into 5,6-dihydroxyindole or into 5,6-dihydroxyindole-2-carboxylic acid (DHICA). Then, TRP-1 continues to catalyze DHICA into eumelanin or to convert dopaquinone into pheomelanin with existence of cysteine. 8 MITF plays important roles in the survival, proliferation, and pigmentation of melanocytes and strongly stimulates tyrosinase promoter activities, indicating that MITF is an important transcriptional regulator of melanogenesis. 9 In addition to skin whitening, more and more cosmetics are expected to have the capacity to inhibit oxidation and reduce free radicals in order to treat the excessive generation of free radicals and reactive oxygen species (ROS). Free radicals and ROS caused by UV radiation could result in melanin overexpression in melanocytes and damage lipids, proteins, and DNA in organisms. 10 Therefore, it is important to find a multifunctional additive with anti-melanogenesis, anti-oxidation, and radical scavenging effects for cosmetic and clinical purposes.
Myrica rubra Sieb. et Zucc. of the Myricaceae family (Chinese bayberry) is a common plant mainly in Taiwan, China, and eastern Asia, and the fruit harvest time is during May to June. Myrica rubra fruit has an attractive flavor and tastes sourly delicious. 11, 12 Recent studies have reported that M. rubra fruit is rich in bioactive compounds that are beneficial to human health that prevent some cancers, heart disease, neurodegenerative diseases, and other health issues. 13, 14 However, no one has studied in depth the anti-melanogenesis, anti-oxidation, and free radical scavenging effects of the extract of M. rubra fruit.
In this study, we extracted M. rubra fruit using solutions with various ratios of water to ethanol (100:0, 50:50, 5:95) and studied the anti-melanogenesis, anti-oxidation, and radical scavenging effects of these M. rubra fruit extracts on two melanoma cell lines: mouse melanoma (B16-F0) and human melanoma (A2058 After the reaction, dopachrome formation was determined on the spectrophotometer by the absorbance at 450 nm.
| Enzyme kinetic analysis
Mushroom tyrosinase (50 lL, 1000 U mL À1 in L-PBS) was mixed with 50 lL of various concentrations of the M. rubra fruit extracts ). The initial formation rate of dopachrome in the reaction mixture was determined by measurements at a wavelength of 450 nm every 30 seconds using a microplate reader. The enzyme kinetic parameters, Michaelis constant (K m ), and maximal velocity (V max ) of tyrosinase were determined using a Lineweaver-Burk plot.
| Real-time PCR assay
Total RNA of A2058 or B16-F0 cells was isolated using TRIzol reagent, and cDNA synthesis was carried out using an RT Premix kit according to the manufacturer's instructions. For PCR assay, the primer sequences of tyrosinase, TRP-1, TRP-2, MITF, and glyceralde- 
| Assay on radical DPPH scavenging activity
Anti-oxidant activity was determined in terms of hydrogen donating or radical scavenging ability using the stable DPPH method. In this study, 
| Statistical analysis
Student's t-test was used to evaluate the differences between various groups. Statistical significance was defined as *p < 0.05, **p < 0.01, and ***p < 0.001. Each experiment was replicated five times, and all values were expressed as the mean AE standard deviation.
3 | RESULT 3.1 | Cytotoxicity of M. rubra fruit extracts
To measure the cytotoxicity of the M. rubra fruit extracts, two celllines, A2058 (human) and B16-F0 (mouse), were treated with various
) of the extracts obtained using three different solvents (0% alcohol, 50% alcohol, and 95% alcohol). Cell viability was determined by the WST-1 assay (Figure 1) . After a 48-hour treatment, the results showed that below 2.0 g L
À1
, the M. rubra fruit extracts from the three solvents had no obvious cytotoxicity against either cell line (i.e, viabilities were all over 80%). However, 2.0 g L
95% alcohol extract at was an exception as it showed moderately high cytotoxicity in the B16-F0 cell line (viability was approximately 60%).
In addition, the cell morphologies of the A2058 and B16-F0 cell lines maintained the original cell morphologies after exposure to the M. rubra fruit extracts below 2.0 g L À1 for 2 days (data not shown).
Thus, the safe concentration of the M. rubra fruit extracts was set to be below 2.0 g L À1 for the following assays and studies. (Figure 2) . Notably, the water extract of M. rubra fruit showed a stronger anti-melanogenesis ability than the 50% and 95% alcohol extracts. The relative melanin content in the B16-F0 cell line was strongly reduced, reaching 76.5% at 2.0 g L À1 water extract of M. rubra fruit (Figure 2A) . Similarly, the relative melanin content in the A2058 cell line decreased to 82.5% at 2.0 g L À1 water extract of the M. rubra fruit ( Figure 2B ). The anti-melanogenesis effect of 2.0 g L À1 water extract of the M. rubra fruit is similar to that of 250 l mol L À1 arbutin (a common and standard whiting agent).
| Inhibitive effects of M. rubra fruit extracts on tyrosinase activity and enzyme kinetics
The tyrosinases from mushroom, B16-F0 cells, and A2058 cells were used to determine the inhibitive effects of M. rubra fruit JUANG ET AL. In the enzyme kinetic assay, the inhibition type of M. rubra fruit extract on mushroom tyrosinase, the maximum velocity (V max ), and apparent Michaelis constant (K m ) was determined from the Lineweaver-Burk plots ( Figure 4 ). Our results indicated that the M. rubra fruit extracts from the three different solvents were reversible inhibitors of mushroom tyrosinase and that the inhibition type was competitive inhibition due to the lines intersecting on the Y (1/ V) axis ( Figure 4A , B, C).
F I G U R E 2
Relative melanin quantification assay. The anti-melanogenesis effect of the Myrica rubra extracts from 0% (pure water), 50% and 95% alcohol on melanin production in (A) B16-F0 and (B) A2058 cell lines was determined on a spectrophotometer by the absorbance at 405 nm. The control was without the addition of M. rubra fruit extracts F I G U R E 1 Cytotoxicity of Myrica rubra fruit extracts. Cell viabilities of (A) B16-F0 cells and (B) A2058 cells were determined by WST-1 assay after treatment with various concentrations of M. rubra extracts from 0% (pure water), 50% and 95% alcohol for 2 days. All M. rubra fruit extracts using three formula of solvent had no obvious cytotoxicity on both cell lines below 2.0 g L À1 (viabilities were all over 80%), When the treatment concentration was higher than 1.0 g L À1 , the MFI of DCF in B16-F0 cell line increased due to the cytotoxicity of the M. rubra fruit extracts. Notably, the water extract of M. rubra fruit extract showed stronger inhibition of ROS production than the 50% and 95% alcohol extracts (p < 0.05). The water, 50% and 90% F I G U R E 3 Relative tyrosinase activity assay. The inhibitory effect of the Myrica rubra extractions from 0% (pure water), 50% and 95% alcohol on tyrosinase activities of (A) mushroom in vitro, (B) B16-F0 cell line in vivo, and (C) A2058 in vivo were determined on a spectrophotometer by the absorbance at 450 nm. The mushroom tyrosinase activity was measured after treatment with the M. rubra extracts. The control was without the addition of M. rubra fruit extracts alcohol extract of M. rubra fruit at 1.0 g L À1 caused a significant reduction in the relative MFI of DCF in the B16-F0 cell line, reaching to 36.4%, 41.7%, and 63.5%, respectively.
| LC/MS/MS analysis of compounds in the

M. rubra fruit extracts
The major compounds in the M. rubra fruit extracts were identified using a LC/MS/MS method with the detector wavelength at 210 nm compared with the standard (Figure 7) . The fingerprint chromatogram showed that the compounds in the water extract, 50%
alcohol extract, and 95% alcohol extract of M. rubra fruit were complicated, and the major compounds were the Myricetin-O-deoxy- 
| DISCUSSION
Many natural products from food, plants, and herbs have been reported in cosmetic and medical applications to treat pigment abnormalities, skin diseases, etc. However, some of these agents are cytotoxic or have undesirable side effects. Thus, many researchers have searched for noncytotoxic, effective, and multifunctional natural products for cosmetic and medical applications. In this study, M. rubra fruit was selected as the target and was extracted using different solvents to explore its biological function, including its antimelanogenesis, anti-oxidation, and free radical scavenging effects on the mouse B16-F0 and human A2058 melanoma cell lines. In vitro and in vivo experimental results showed that the water extract of M. rubra fruit had the lower cytotoxicity against the cell lines than the other two solvent extracts. The B16-F0 and A2058 cell lines proliferate, maintain normal morphologies, and exhibit cell viabilities over 80% when treated with M. rubra fruit extracts up to the concentration of 2.0 g L À1 . Thus, the safe concentration of M. rubra fruit extracts (within 2.0 g L À1 ) was determined.
In the anti-melanogenesis assay, the M. rubra fruit extract inhibited melanin synthesis in both cell lines, and 2.0 g L À1 M. rubra fruit extract showed a similar anti-melanogenesis ability as 250 l mol L
À1
arbutin. Tyrosinase is a key enzyme that catalyzes the bio-conversion of tyrosine to L-DOPA and L-DOPA to dopaquinone. 15 Our results demonstrated that M. rubra fruit extract was able to inhibit tyrosinase activities of mushroom, B16-F0 and A2058 cells, causing an anti-melanogenesis effect, and that the type of inhibition of the enzyme kinetic is competitive inhibition. That means, a competitive inhibitor may resemble the structure of a normal substrate and is ) was set to unity, and then, the relative value of melanogenesis-related gene expression was recalculated. E, Inhibitory effects of the water extract of M. rubra fruit on melanogenesis-related protein secretion were determined by Western blot analysis. F, The relative protein secretion amounts of MITF, tyrosinase, TRP-1, and TRP-2 in the B16-F0 cell line after treatment with the water extract of M. rubra fruit were determined by ImageJ software and were normalized based on the GAPDH secretion level. After normalization, the value of the control (0 g L À1 ) was set to unity, and then, the relative value of the melanogenesis-related protein secretion was recalculated capable of binding to the active site of the tyrosinase. The binding of L-DOPA and competitive inhibitor to the tyrosinase active site is a mutually exclusive process: When the inhibitor is bound, the L-DOPA is unable to bind and vice versa. In addition to tyrosinase, TRP-1, TRP-2, and MITF are also important enzymes involved in the pathway of melanin synthesis. 16 MITF is a key transcription factor to regulate the tyrosinase, TRP-1, and TRP-2, and to control the proliferation and differentiation of melanocytes. 17, 18 In melanocytes, activation of extracellular signal-regulated kinase (ERK) would result in MITF phosphorylation and degradation, inhibiting melanogenesis.
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F I G U R E 6 Relative DPPH scavenging assay and inhibitive assay of ROS production. A, The relative DPPH scavenging abilities of the Myrica rubra extracts from 0% (pure water), 50% and 95% alcohol in the B16-F0 cell line were determined using a microplate reader by the absorbance at 450 nm. The control was without the addition of M. rubra fruit extracts. B, The inhibitory effect of the M. rubra extracts from 0% (pure water), 50% and 95% alcohol on ROS production in the B16- In the anti-oxidation assay, free radical DPPH scavenging and ROS inhibition were selected to evaluate the anti-oxidation ability of M. rubra fruit extract in vitro and in vivo, respectively. DPPH was clearly scavenged upon treatment with M. rubra fruit extract at a concentration below 2.0 g L
À1
. ROS production in B16-F0 cells was also significantly inhibited upon treatment with M. rubra fruit extract at low concentrations. Both assays demonstrated that the anti-oxidation ability of the water extract of M. rubra fruit is more effective than the 50% alcohol and 95% alcohol extract.
According to the literature and experience, the biological activities and medicinal functions might be due to the anti-oxidative compounds, such as amino acids, flavonoids, anthocyanins, or polyphenols. [20] [21] [22] The known mechanisms of anti-oxidant abilities are to provide hydrogens or to act as a chelating agent to react with free radicals and then to form stable molecules to stop free radical chain reactions. 23 According to these experiments, the water extract Taken together, the anti-melanogenesis, anti-oxidation, and free radical scavenging effects of M. rubra fruit extract were the first time to be discussed in this study. In addition, the water extract of M. rubra fruit has been proven to be noncytotoxic in human and mouse melanoma cells. The major and effective compounds in the water extract were Myricetin-O-deoxyhexoside, Quercetin-O-deoxyhexoside, and Kaempferol-O-hexoside. In the future, studies will focus on identifying the pure active components from the water extract of M. rubra fruit and further elucidating the biological function and the mechanism of action. In addition, other testing platforms for melanin inhibitory effects, including human primary skin cell lines, zebra fish, mouse, and human skin assays, will also be checked. Overall, we believe that the water extract of M. rubra fruit is a multifunctional additive and can be applied widely in the fields of cosmetics and medicine in the near future. 
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